o i ‘ /}/5 G /38"

3

]
= WP AGES)
x CATEGORY! "

]
»
v
F
]
<
| 3

3 ‘“°°ff§§2£iJ dZ l

UNPUBLISHED PRELIMINARY DATA

ON THE HEIGHT OF THE 5577 3 [0I] AIRGLOW LAYER IN HAWAII

P. V. Kulkarnl
Hawall Institute of Qeophysics
University of Hawail, Honolulu EHawaii) U.S8.A.

To be published in Annales de Geophysique, No. 1 (1965)

A\ﬁ“‘!;



L3

ON THE HEIGHT OF THE 5577 A {0I] AIRQLOW LAYER IN HAWAIT#

P. V. Kulkarni
Hawali Institute of Qeophysics
University of Hawail, Honolulu gHawaii) U.S.A.

Abstract

In using the Van Rhijn Method for determining heights of
the airglow-emltting layers one must_take into account and satisfy
the assumptions involved. It is even more important to eliminate
completely the contribution that is due to the extraterfestrial
radiations and to the airglow continuum contaminating the spectral
line intensity measurements and to know the value of the extinc-
tion coefficient at the observing station. After due considera-
tion was giien these two factors, we found that the height of
the 5577 K [0I] airglow layer at Mt. Haleakala {Hawall, U.S.A.)

was 145 + 14 Y.

T

‘This may be interpreted as (1) the real height in the troplcs
due to a single emltting layer or (2) an effective height due to
two layers, the stronger component being at 100 km and the weaker
one in the vicinity of the F reglon of the ionosphere. Evidence

favors the latter conclusion.
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#Hawall Institute of Qeophysics Contribution No. €060.



<]
ON THE HEIGHT OF THE 5577 A [OI] AIRGLOW LAYER IN HAWATI

ALIIIE S -

]

1. Introduction

Heights of the emitting layers of the Night Airglow are.found
by‘(l) ground-based observations and {2) rocket observations.
The'ground—based observations can be further.categorized as
involving two (or more) stations determining height by triangula-
tion [1], and a single station [2]. Observations frum a single
station can be utilized to compute the height of the emitting
layer by the Van Rhijn Method [3], of course taking into account
the lower atmosphere.

Sample calculatilons from Haleakala®* of the height of the
5577 A emission layer indicated that it was around 150 km while
at mid-latitudes 1ts height 1s estimated to be around 100 km.
Mid-latitude emission heights found by rocket experiments afe
also around 100 km. With this in mind and also the fact that
(a) the extinction coefficient at Haleakala has been carefully
measured and found to be quite stable and (b) the Haleakala
airglow photometer does not respond to the éxtra—terreétrial
and airglow continuum'cpﬁponents, it appeared worthwhile to
undertake a thorough analysis of the Haleakala data for 15

nights in September and October 1962,

* Qeographic Latitude 20° 43'N, Longltude 156° 16' W
Geomagnetic Latitude 20° 50' N, Longltude 88° 27' W
Height above sea level 10,012 feet (3,052 meters)
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2., The Site and the Observatlons

The determination of the radlative transfer through the
atmosphere is an essential but difficult part of the problem of
deducing helght of the airglow layer, especlally when unknown
and varying amounts of dust ahd man-made contaminants are pref
sent in the lower atmosphere. Gulding numbers which contribute
individually to the extinction coefficient have been given by
Allen [4]. Determination of the extinction coefficient (7')
at a place 1ls a separate task and usually, when helght determina-

tions are made, this coefflcient i1s assumed as a best guess from

fhe experience of thé expérimenter and from the guiding numbers

obtalined experilmentally at some other statlion. Unless this
Judgment 1s very sound, the reliablility of the height results
becomes very quiestionable. This problem is somewhat simplified
at a station like Mt. Haleakala, which 1s at an elevation of
3052 m‘on the small mid-Pacific island of Mauil. There 1ls no
large urban 6r industrial complex on the lsland and as the
observatory 1ls sited above the trade'wind'inversion it'is free
from the effects of city giare and low-level dust and smoke.
Beslides extinctilon, scattering of light also has to be
taken into accouht. Intensitles of scattered light for known
or assumed scattering coefficlent, albedo, and various zenith
distances have been tabulated by Ashburn'[S] from Chandraselkhar!s

equations. Ashburn's tables are restricted to the Rayleigh

"gcattering.
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It has been shown [6] that the photometric quality of !

3
(o
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sky at Mt. Haleakala is excellent. At this station the content of
water vapor 1s also negligible.

The observations used for this analysis were obtailned from a
birefringent photometer [7, 8] which hasvbeen in operation at
Mt. Haleakala since 1961. This photometer uses an auxiliary inten-
ference filter wlith 13 K half-widtnh and 54°/o transmission at B577 3
with a maximum transmission of 67°0 at 557% A. The half-width
of the filter system is 6 K. With the rotating polaroild behind
the birefringent element, the fllter scans the alrglow spectrum
100 times per second, alternately including and excluding the
5577 ﬁ line on the continuous spectral background in 6 E region
around 5577 A, thus glving a modulated A.C. signal for the line
emission only, eliminatingkthe continuum as the unmodulated
D.C. signal. The basic principle and helpful suggestions for the

construction of the birefringent filter have been given by Evane

[9]. The optics, filter system, and the RCA 7265 photomultiplier

are mounted on an alt-azimuth mounting, scanning the sky in
almucantars of 80°, 75°, 70°, 60°, and %0° zenith distances,

plue a scan at the zenith. Scanniﬁg speed 1s 10°/sec, sc that

a complete survey requires gbout five minutes. A survey for

5577 A radiation is repeated every 15 minutes. The signal from
the photomultiplier after synchronous detection and amplification
is recorded on chart paper. Réadihgs 20-1/2° apart on the azimuth
for a fixed altitude are read from this chart and punched on

IBM cards, glving 16 readings in azimuth for one zenith distance

plus one reading for the zenlth; thus, an entire survey of sky
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consiste of 81 readings which 1ls accommodated on five TRM carde.
'"mece data are further procezszed by a computer.

The quallfy of the observing site ensures constancy of the
extinctlion coefficieny while use of the bilrefringent filier
photometer completely eliminates the continuum near the ipechral
emission line. These points are stressed here because 1T willl

be shown later how serliously they afiect the results.
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3. The Van Rhijn Method

The zenith angle dependency of the intensity due to a thin
homogeneous emltting layer, concentric wilth the earth, was

formulated by Van Rhijn by the relation

he}
ke

: 2
ﬁ- -——5-—-5 Sin2z
\. (R + b)

where I, and I, are the intensities at zenith angles z° and 0" ,

and R and h are the radius of the earth and the vertical height
of the emitting layer fespectively from the ground. So that

V,Sinz \

h =R -1 . (2)
2 - 1 [

The effect of the lower atmosphere is not taken into account.

* The ratlo of the ihtensity observed at a givén zenlth distance
to that at the zenith 1s denoted by V;; when the observations
are corrected for the atmosphere V, is the ratlo "outside the

atmosphere", The Van Rhijn formula uses V, values.
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One can understand why many people are skeptical about this

method, primarily because the results obtained with it vary

wldely.

This wilde variation may be atrributed to the following:

(1) Experimental technlque used to obtailn the data and

(2)

(3)

the analysils of the data are lnadequate; specifically
(a) the spectral line emission 1s not completely
isolated from the observed intensity measurement hecause
of improﬁer subtraction of the "background”, (b) assumed
scattering and extinction coefficlente in analysis may
be incorrect.

The assumption regarding the unifofmity end gymnetry-

of the layer is not closely approximated.

It is Just possible that the layer may not be thin

with a more or less sharply defined maximum in Intenslty
with respect to height. It may be a thick and diffused
layer. Moreover, wide variations in helight with time
are not unexpected. It may not be out of place here

to quote S. Chapman [15] "There is no doubt that the
upper atmosphere changes more irregularly than we are
accustomed to think 1t does... I have no doubt that

it 1s decldedly streaky and irregular, and that there

are irregular motions as well."

The Van Rhijn Method could be used te its greatest advantage

by improving the experimental technique and the method of analy-

sls, and by the proper selection of data. Even 1f this 1s not

the best method (no exlsting method can really be claimed as

the best; each method has its own disadvantages) it 1s certainly

a useful method within its own limitationas.
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In the present paper we have corrected the observations to
cutside the atmosphere, in order to account for the lcwer
atmosphere, by the method outlined by Roach, Megill, Rees, and
Marovich [14].

The baslc idea 1s to obtain the V, value which can be
directly used 1n equation 2 to calculate the height, from the
Vé Qalue obtained experimentally, by using the relation

_ (Vg - 83) exp(T my)
 (1-000 - 51) exp(T mo)

Vz (3)

where mp and mgz are the air masses (referred to unity 1n the zenith
at sea level) at the observing station at the zenith and at zenith
dilstance z, and Sé and S; are the values of the scattered light
expressed as a fractlion of the obgserved total brightness of the
zenith for the said zenith distances. The value of 1 1is taken

O« 13§
as o~33.
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4L, The Extinction Coefficient

In 1961-62 regular measurements of the extinction coefficient
were done Iin 5300 A by Dr. Welnberg for his zodlacal light
studles. His measurements show that the extinction coefficient
remained very steady from night to night and even from month %o
month (uﬁtil the Ball volcanic eruption in March 1963). Before
thls date the values of the total extinction coefficient referred
to sea level in 5300 A varled between 0.138 to 0.115 [16].

Before the uniqueness of the site can be clalmed, it is felt
that more systematic observations of the extinctlon coefficlent
are needed. However, these observations indlcate that possibly
Haleakala is one of the best sites in the world.

For the present study, the measured value of 5300 A extinc-
tlon coeffilcient was corrected to 5577 K. This correction was
based on the Mt. Wilson curve of extinctlon coefficlent against
wave length. As there is very little variation of 1 5300 from
night to night, it is reasonable to assume that 7 5577 would
remain constant and its value found as described above was taken
to be 0.131 (referred to sea level). The molecular scattering

coefficlent 1s taken as 0.09 for 5577 A [4].



-9
5. Selection of Data

It was felt Important to select nights which had data that
would be useful for reduction by the use of the Van Rhijn formula.
This selection follows the assumptions in the theory. TFor this
reason "quiet" nights were selected on which activity was at a
minimum. However, from an examination of the data 1t was found
that nights that are absolutely qulet are exceptional in the
troplecs. On many nights the intensity patterns change Verj
rapidly in time and space, especially in 6300 K radiation and to
a lesser extent in 5577 3 radiation. However, it is possible
tb select nights that are fairly quiet. The preliminary examing-
tion of quiet and active nights was made by analysls of the
correlation coefficient of the 5577 ﬁ and 6300 E radiations.

Data of zenith intensities only obtained from another fixed
photometer, which 1s in operation near the birefringent photo-
meter, were used for thls analysls to give the 1ndication, though,
often a night may be quiet at the zenith but active at greater
zenith distances. Usually on quiet nights the correlation-i
coefficient of 5577#6306 is insignificant (0.2 or so), while on
active nights it 18 considerably higher (0.5, or higher) [10].

In the mid-latitudes Barbier [11] has found the correlation
between the two radiations to be insignhiflicant. Results obtained
in Japan [12] are also similar.

The assumptions in the Van Rhijn Method, at the outset,
polnt out that the method works for a uniformly bright night,
that 1s, a quiet night without much patchy struecture. Very
bright local patches at great zenith dlstances tend to increase

the Van Rhijn ratio, giving a lower over-all height (which is,
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of course, a false helght). Simultaneous studles of ionograms
with 6300 3 intensity have shown here [13] that the height of
the emission layer on many occaslons lowers with the increase
in the brightness. If thls were also true for the 55TT E emission,
then thé'bright local patches would tend to decrease the over-all
height. Small differences in brightness on large parts of the
sky could be averaged out by taking a very large number of
observations for the same zenith distance. Thus, 1t is felt that
the Van Rhijn Method should work better with (1) quiet nights

having (2) a large number of observations.
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6. Results

Table 1 gives the log of the data used for the height
determination, Tables 2a and 2b show the results obtained with
the analysis of 15 nights in September and October 1962. Table
2a was prepared by taking the complete data of all nights, while
Table 2b shows the results after the data were "edited". All
these nights were such that the correlation coefficient for each
whole night for 5577 A to 6300 & was very insignificant. The
helghts, with their probable errors, obtained by using data from
80°, 75°, and 70° zenith distances are presented.

We have purposely selected the data from the zenith distances
80°, 75°, and T70° for finding the height, while those from the
zenith distances 40°.and 60° were rejected for the reason that
the calculated height becomes very sensitlve to small changes in
Vz at small zenith distances. The height of the layer changes
by 15 km when V, (40°) changes by 2 in the third decimal place.
It is not possible to claim this accuracy in measurements with
the present setup. | |

Among the chosen three zenith distances it will be seen
from Table 2a or 2b that the probable error in height determina-
tion for zenith distance 75° 1s the smallest, while for 70° and
80° it is larger. It may be noted that signals {deflections on
the recording chart) for large zenith distances are greater than
those for the small zenith distances, resulting in larger per-
éentage error for the small rather than for the large”zenlth
distances when scaling the charts. Table 3 showé the accuracy
required in the I,/Io value for claiming 15 km accuracy in the
results. Larger‘probable error in height from thé 70° zenith
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distance data compared to that from the 75° zenith distance data
may be attributed to the above cause. The height found from 80°
zenith distance data suffers from the followlng., At 80°, (1;
intensity of scattered'light~changes very rapldly with the
zenith distance, and as the photometer has a finite field of
view, a scattering value assumed for 80° scattering may'be
different from the actual value which 1s entering through the
finite field. (2) the mechanical mounting has to have greater
accuracy in this reglon because with a small change in zenith
distance, the heights wpuld change considerably due to large
changes in the thickness of the layer involved. The results
therefore indicate that 75° zenith distance 1s the best compromise
for héight analysis and may be congsidered as optimum.

In editing the data it is assumed that the height 1s not
less than 0 km and noé greater than 300 km (0 < h <300). Sets
of observations where ridiculous helghts, viz., negative helghts
or heights greater than 300 km are‘obtained, were rejected. Such
absurd heighte could only be obtained when the intenslty at
larger zenlth distances 1s abnormally high;. the'Vé values are
than very high, giving"hegative heights. On the other hand if )
the zenith 1is localiy bright, V, 18 unusually small glving very
large heights. 1In both cases the helght results are lnaccurate.
Even with the present selected nights, about 14°/o of the observa-
tions had to be rejected for the above reason. |
_ fhe edited data in Table 2b show that the probable error
in height determination 1s definitely low for all the three
zenith dlstances and more so for T75° zenith distance where the

value of the probable error is better by 60°/b compéred to that
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from the unedited data (Table 2a). The value of the height itself
is only very slightly lower {about 2.6°/0) when compared to the
value from the unedlted data. It 1s rather surprising that the
refinement 18 qulte insignificant, considering the nature of the
phenomenon. This therefore points out that the essentilal factor
for working with this method 1s the avallabllity of a very large
amount of data, while edlting assumes secondary importance. OF
course, a large amount of edited data may presént more reliable
‘results. In the present investigation about 9800 and 8500 indi-
vidual observations are utilized for each zenith distance wilth
unedited and edited data respectively, so that the final weilghted
helght involves about 30,000 and 25,000 individual observations
respectively. One V% value is found from the aVerage of 16
azimuthal intensity values divided by the zenith 1ntensity, In
other words the final welghted helght results from 1500 helght
values. It may be noted that the values of probable errors as
presented in Tables 2a and 2b are obtained by taking into account
the single height value, for each night under Study, as the true
helght. As a matter of fact this single helght value has a
probable error which is disregarded in Tables 2a and 2b. If,
therefore, each individual height determination of the 1500 total
determinations is given equal weight and the data treated as one
sample, a heilght of 144 xm with a probable error of *+ 60 km 1s
obtalned.

In order to see whether the height of the emitting layer
changes systematically during the early and late paris of the

night, observatlons of each night were divided into two nearly
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equal groups and the heights for premidnight and postmldnight
periods were calculated forlall 15 nights. The weighted mean
pre- and postmidnlght heights show no significant difference.

Weights glven were inversely proportional to the probable errors.
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7/ Dlscussion

The computed welghted helght of the 5577 Z layer points to
two possibllities.

(1) A single layer exlsts at about 150 km.

{2) 'There are two layers--one possibly at 100 km and

| another much higher, gilving the optical "center of
gravity" at the observed value of about 150 km.

Case (1) may result from a thin layer which is consistent
with the Van Rhijn assumption or from a thick layer for which the
Van Rhijn eugation has to be modifled. If the rate of emission
is assumed to be constant over the height interval hpy - hj,
where h; and hp are the lower and wupper boundaries of the emitting

layer from the ground, the intensity ratio V, will be given by [18]

- R + hp _ R+ hy |
vz (52" hl? vz(2) (ho - hy) vz(1) (%)

1

where V,(1) and Vz(2) are the intensity ratios as would be obtained
at heights hj and hp respectively. This resultant Vg value can
be associated with an "effective emitting height" with the help
of equation (2). Starting with a single layer at 150 km, if the
layer is considered to be gradually thickening, Table ¥ shows the
effective emitting height H as obtained from equation 4 when the
lower and upper boundaries of the layer assume the values shown
in the table.

In the troplcs, the height of 5577 X[OI] emisslon layer in
the vicinity of 190 km.has been reported [17] at Poona (India)}.
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However, it is not certain whether this height value 1s real o
i1s due to an assumptlon of the extinctlon coefflcient, since 1%
was not measured for the place. Further, eliminatlon of back-
ground radiation was done by two-filter method, which involves
additlonal uncertainties.

Direct determination of the helght of the emltting layer in
the tropics by use of rockets has not bheen reported éo far.
However, there is reason to believe that the 5577 R layer has
two components in the tropilcs, as suggested for case 2, and, if
g0, it is more probable that there may exlist a more or less
permanent layer at about 100 km, intensity variation of which is
independent of that of the 6300 R radiation, as in the mid-latitﬁdes,
and whi&h contributes a major share in the total intensity mea-
surement of the 5577 3 radiation. Another 5577 ﬁ radiation
layer may be much higher, varying ln intensity more or less 1n
synchronization with that of the 6300 3 radiation, and contributing
a smaller share to the total 5577 R intensity as measured f{rom
the ground.

To fit their experimental results, two layers, one at 1000 km
contributing 73°/b intensity and another at 50 km with 270/0
intensity, were proposed as early as 194% by P. Abadi, A.Vassey,
and E. Vassey [19]. They had assumed that the observed intensi-
ties were pure atmospheric emissions without any contaminatlion
from starlight and zodlacal light. Using the same data and
assuming contributions of 60°/o and 40°/o intensity for the
5577 A [0I] 1ine and the integrated extraterrestrial light,
respectively, it was shown by Roach and Melnel [20] that the

]
same data are consistent with a single 5577 A emliting layer at
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a helght of 130 km. Besldes the reinterpretation of the data,
1t may be pointed out that the filters used 1n the above investiga-
tion were very broad, (though they were "narrow" in thoée déysi}
and 1t 1s extreﬁely difficult to elimlnate the background correctly
and comple tely, which 1s very necessary in thé height analysis.
Table 5 shows the influence of the background on the height
determination. For the two intensity values of Ipg and Ig {"out-
side the atmosphere") (say through a filter) theré 1s shown how
the height value may change if the background 1s not eliminated
from the line emission. Further, the necessity for a proper
assumption of the value of the extinction coefflcient has already
been pointed out.

In the present investigation, we have reason to believe
that there are two components to the layer. Again, thils is
" inferred from the correlation coefficient analysis. 'During quiet
nights, as already mentioned, the correlation coefficilent of
5577 fo 6300 1s insignificant, but during active nights.the'
same.shows some positive correlation. The helght of 6300 Z

radiation is usally associated with the F region of the lonosphere,

and excellent correlétion has already been reported [21, 22]
between the electron number density of the F region and the
quantum emission rate of the 6300 K line. Therefore, the nature
of correlation during active and quiet nights may possibly be
explained aslfollows:
1. During quiet nights the principal component of 5577 K
radiation comes from the layer at 100 km whille a weak

component may exist at a greater height (300 to 350 lkm).
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The 6300 A radiation iz assumed to be radiated from &
layer at about 300 to 350 km.
2. During active nights, because of the increase in the
| electron number density in the F reglon, the rate of
reaction producing the 6300 R emission may lncrease
several tens of times when probably the component of
the 5577 A radiation, assumed to be produced ir this
region (assqciated with greater height} 1s also
enhanced, thus glving over-all bettér correlation, in
5577 A and 6300 A, during the activity. This hypothesis
1s represented dlagramatically in Figure 1. The
intensities in this figure may be taken as a rough
gulde only to show the nature of the phenomenon.
.Barbier has suggested [23] a formula‘for an extenslve layer
which could be represented by two thin layers characterized by
intensities I(1) and I(2). If the Van Rhijn functions for the
two layers are defined as ‘ ' |

Vz(1) = ;E%;% and Vz(g) = ;%%g% for a zenith

. distance z then the Van Rhijn functlon* for the resultant layer
due to the sald layers 1is

1(1) V5(1) + I(2)V,(2)

Vz = 1) + I(2) (5}

# All Van Rhijn functions in the present equation are those

outside the atmosphere.
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If 1t 1= assumed that the first layer 1s fixed at 100 km
and the optical center of gravity ofiﬂuéresultant layer due to
two thin layers 1s at 150 km (as has been found in the present
1nvéstigation), then from Table 6 it will be seen that the
second layer at 300 km will contribute about 33°/0 of the total
intensity.

Unfortunately, this proposed hypothesis of two layers cannot
be tested by the Van RhiJn Method as this glves a single height
value from intensity observations at two zenlith distancés. One
may expect that during an active night when the higher component
of the two layers is contributing to a somewhat greater extent
the resultant effective helight would be higher than that on a
quiet night. However, according to ocur observations, during
active nights the intensity patterns over the dome of the sky
are invariably patchy and hence the Van Rhljn Method cannot be

used.
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Table 1, log of the Data Used for the Height Analysis

“ E = Bxcellent, V6 = Very Good,

€ = Cood, F = Fair, P » Poor

Night Date mmm Tine Total Murber Sky
No 1962 "TYvT"“—"‘"ra"- of Surveys Conditions

1 Sept 23/24 1945 0400 21 v

2 28/29 2130 0530 33 g
3 29/30 1915 0530 42 E

U o 1945 0530 w2 E

5 Ot 12 1015 0530 41 e

e a/m 1915 0300 n 6

7 4/5 2130 0530 32 ¢

8 5/6 1915 0530 42 E

9 | 2021 1845 ouNs " w8
10 25/26 284S 0530 1 E
1 26/27 1930 0545 40 E
12 27/28 1845 0530 uy E
13 28/29 1645 0530 4 E
0 29/30 1845 0530 s E
15 20/31 1845 0545 Y E

— e e



Table 2a, Height of 5577 & Layer (Unedited Data)

L

Night Tote Hopet  Hpges  Hyges  Surveys
1 Sept 23/24  148)m  123km 138 ka 21
2 28728 201 185 2 33
3 29/30 1M 3 145 42
. gggt Y 1 1m 89 2
5 Ot /2 169 149 155 5
6 3 236 198 208 3
7 u/% 197 W7 157 32
8 5/6 137 86 7n 42
9 20/21 152 184 213 41

10 25/26  10M 113 134 41
n 26/27 104 12 116 40
12 21/28 138 164 162 ™
13 28/28 112 138 159 ™
14 29/30 130 163 186 "
15 . s/ 1m 17 118 37
Mean

Height 150k Wk dm 153 km

Probable . . .

Error lm i1k t2m

,_,2;,

* Hages Hyges Hyge * Helght calculated by using cbeervations of
80°, 75°, and 70° zenith distances, respectively
Average Weighted Haight (using all observations) 149 & 22 km



Table 2b, Height of 5577 A Layer (Edited Data)

N e et TSy Pt ol Mg Moo of

1 Sept 23/24 155 kn 18 135 kn 18 148 km 18

2 28/28 204 29 161 29 155 29 -

3 29/30 172 30 146 30 157 30 -

4 Sopt 33 168 3 149 34 143" 3

5 Oct 1/2 151 a7 134 38 143 a3
6 3 183 19 164 20 173 20

7 4/5 199 25 154 25 183 23

8 5/6 156 34 114 34 128 3

9 20/21 136 37 159 37 167 3
10 25/26 107 39 123 40 128 3g
1 26/27 108 39 118 39 134 a7
12 27/28 135 39 152 %0 166 38
13 28/28 112 ™ 138 oy 11 39
% 20/30 127 u3 146 39 152 35
15 30/31 101 K 17 34 209 24

Mean

Height 148 ¥ 140 Ym 148 ko

Probable

Error 122 210 im 213 km

* Hggos Hoge, Hygo * Hedght caloulated by using cbservations of 80°, 75°, and 70° zenith
distances, respectively
Average Weighted Height (using all cbsarvations) 145 13 xm



Table 3. Accuracy Required in V, Values
for 15 km Change in the Height

Change of
~ Vy in 1000
Zenith for 15-km
Distance h, vz ANy for change in
(z°) k. Ah 15 km height
4 135  1.,2869
40 150 1,2849 0.0020 1.5
40 165 1.2837 0.0012
60 135 1.8871 :
60 150 1,8761 T 1
60 165 1.8653 -0
70 135 2.5553
70 150 2,5227 gogggg 31
70 165 2.,4922 .
75 135 3,0782
75 150 3.0231 s 55
75 165 2.9683 .
80 135 3,7800
g0 150 3,6697 0.1103 105

80 165 3.5690 0.1007




Table 4, Height of the Resultant Effective Layer

Due to a Thick Uniform Layer

Lower Upper Thickness Effective
Boundary, Boundary, of the layenr, height,
hy hokm (h, = hydkm Ym
140 160 20 149
130 170 40 19
120 180 60 149
110 190 80 148
100 200 100 148
90 210 120 147
80 220 140 146
70 230 160 145
60 240 180 Y
50 250 200 142
0 300 300 1




Table S, Influence of Background Radiation
on Height Determination
% Background A "

of I I75 = x IS ~x I75/1, Height,

x Ing I, Vs o

0 50.00 25,00 2.0000 734

20 45,00 20,00 202500 439

25 43,75 18,25 243972 400

30 42,50 17.56 244285 382

35 41,25 16,25 2.5385 324

40 40,00 15,00 245667 267

us 38,75 13.75 248181 211

50 37.50 12,50 3.0000 151

55 36425 11.25 302222 102

60 35,00 10.00 3.5000 50

I7¢8 and Ig are intensities “outside atmosphere" for zenith distances 75°
and 0°, respectively, including the background. Igg and I, are those when
the background is subtracted, (50 and 25 units in the first row are intensity

values from a two-color photameter)

T e
i



Table 6. Height of the Second layer, if the First Layer is Fixed at
100 km end the % Intensity Contribution Due to Both is Varied,
The Resultant Height Due to Both layers is Assumed to be 150 km.

% Intensity % Intensity Height of
Contributicn Contribution Layer 2,

Due to layer 1 Due to layer 2 - km

0 100 150
15 8s 160
26 7 170
3y 66 180
40 | €0 : 190
45 55 200
54 | 46 | 226 .
60 40 251
B 36 - 275
67 33 | 300
72 | 28 : 350
75 25 | BOY
77 I 23 | 451

80 20 555
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Figure 1l: Proposed.two layers of 5577 A radiation.
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